Xanthomonas campestris pv. phormiicola, the pathogen of bacterial streak of New Zealand flax, induces hypertrophy on potato tuber tissues at the inoculated site. The hypertrophic active substance isolated from the bacterial culture filtrate produced visible chlorotic lesions on the leaves of New Zealand flax, ryegrass and tobacco plant. Rf values on TLC and 1H NMR spectrum of the purified toxin coincided well with those of coronatine. Thus, the toxin produced by X. campestris pv. phormiicola was identified as coronatine. This bacterium is the first example of coronatine producing xanthomonads. Coronatine was also detected in the leaves of host plant infected by this bacterium. As no plasmid DNA was detected, the possible involvement of plasmid DNA in coronatine production was suggested to be unlikely in this bacterium.
INTRODUCTION
Xanthomonas campestris pv. phormiicola (Takimoto 1933 ) Dye 1978 is a pathogen of bacterial streak of New Zealand flax (Phormium tenax Forst.) causing water-soaked lesions with chlorosis17). We have reported that this bacterium induces hypertrophic growth of potato tuber tissues18). This activity suggested the presence of coronatine, a chlorosis-inducing phytotoxin which also induces hypertrophy of potato tissues15). Coronatine has been reported to be produced by several Pseudomonas syringae pathovars, including P. syringae pv. atropurpurea14), pv. glycinea8,10), pv. tomato12), pv. morsprunorum13) and pv. maculicola13), but not by xanthomonads.
In the present study the hypertrophic active substance produced by X. campestris pv. phormiicola was extracted from its culture filtrate and from the diseased leaves of New Zealand flax, and was identified. The biosynthesis of coronatine has been reported to be controlled by plasmid DNA in some coronatine producing P. syringae pathovars1,16) We also investigated whether X, campestris pv. phormiicola has some plasmid DNA which has such a function. A preliminary report has already been published19). control. This experiment was repeated twice, and essentially the same results were obtained.
MATERIALS AND METHODS

Bacterial
To determine whether the toxin synthesis by X. campestris pv. phormiicola is controlled by plasmid DNA, we tried to detect plasmids by two different methods. However, no plasmids were detected in all eleven strains of this bacterium (data not shown).
DISCUSSION
X. campestris pv. phormiicola induced the hypertrophy of potato tuber tissues, and the hypertrophic active substance isolated from the culture filtrate produced visible chlorotic lesions on the leaves of several plant species including host and non-host plants. 1H NMR spectrum of this toxin coincided with that of coronatine6). Thus it was concluded that the toxin produced by X. campestris pv. phormiicola is coronatine. Many P. syringae pathovars have been reported to produce chlorosis-inducing toxins such as tabtoxin, phaseolotoxin and tagetitoxin9). In xanthomonad, however, only X. albilineans has been reported to produce albicidine and a related compound which appeared to be involved in chlorosis induction2,3). Coronatine has been also reported to be produced by several P. syringae pathovars, but not by xanthomonad. Therefore, to our knowledge, X. campestris pv. phormiicola could be the first example of coronatine producers among xanthomonads. Thus, X. campestris pv. phormiicola could be interesting Xanthomonas species producing chlorosis-inducing phytotoxin.
Generally, it is extremely rare that two bacterial species which belong to different genus produce identical toxin. Only one instance that rhizobitoxin, a phytotoxin produced by Rhizobium japonicum, was produced by P. andropogonis has been reported11). Therefore our result could be very intriguing from taxonomical and genetical point of view. Coronatine was also detected in the leaves of New Zealand flax infected with X. campestris pv.
phormiicola TMR 241 strain. Chlorosis on expanding leaves of New Zealand flax invaded by this bacterium could be induced by production of coronatine as a vivotoxin, therefore the toxin was considered as one of the virulence factors.
Coronatine biosynthesis was reported to be controlled by plasmid DNA such as pCOR116) and pPT231) in P. syringae pv. atropurpurea and pv. tomato, respectively. Since no plasmids were detected in X. campestris pv. phormiicola, the possibility of involvement of plasmid in coronatine production was unlikely in this bacterium. We gratefully acknowledge Drs. H. Kawagishi, Y. Kohno, M. Sato and T. Kijima for their technical assistance and helpful advice. We also thank Dr. K. Nishiyama for kindly supplying us with his bacterial culture.
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